 In order to reveal the influence mechanism of pottery sand on performance of shotcrete, the effect of mixing amount of pottery sand on performance of shotcrete were investagated based on experiment. The results indicate that collapsed slump of shotcrete increases with the increase of volume fraction of pottery sand. Volume fraction of pottery sand has some influence on compressive strength of shotcrete. Thermal conductivity of shotcrete decreases with the increase of volume fraction of pottery sand. The performance of heat insulation and preservation of shotcrete will increase with the increase of the lever of pottery sand-replacement. Thermal expansion coefficient of shotcrete are decreased first and then increased with increasing of volume fraction of pottery. The thermal expansion coefficient is the lowest when the volume fraction of pottery sand is 30%. There is a trend that all specimens expand first and then shrink. Dryness & shrinkage deformation of shotcrete is the minimum when the volume fraction of pottery sand is 30%. So, performance of temperature shrinkage and dryness & shrinkage can be improved by pottery sand, and the optimal effect can be obtained when the volume fraction of pottery sand is around 30%.
INTRODUCTION
In China, shotcrete technique is one of the supporting structures which were applied widely in the entrenchment of side slope. However, the field investigation shows that frost heave and crack of shotcrete occur frequently in seasonally frozen soil region due to freeze-thaw cycle in winter. Therefore, how to raise anti-cracking ability of shotcrete have been the most important problems that should be solved.
In view of this background, domestic and foreign scholars have made further research on anti-cracking ability of shotcrete and many important results have been achieved. For example, fiber, water reducing agent or expansive agent are mixed into the common concrete to heighten the performance of anti-crack and durability [1] [2] [3] ; concrete mixed with pottery sand, which have the advantages of low density, thermal insulation, impermeability, low water absorption, frost resistance and durability, can obviously improve its anti-crack and durability [4] [5] [6] .
Que Yun 1,a All these results have important significance for raising anti-cracking ability of concrete, but there is limited information on anti-cracking ability of shotcrete. To address these issues, this paper investigates the effect of mixing amount of pottery sand on performance of shotcrete (working performance, mechanical property, thermal property, shrinkage property).
MATERIALS AND CONCRETE MIX DESIGN

Materials
Portland cement grades 42.5, was obtained from the Fujian Jinniu Cement Co. Ltd., China. The physical properties of sand were as follows: fineness modulus, 2.8; apparent density, 2495.1kg/m 3 . Pottery sand was produced by the Fuzhou Xincai Pottery Sand Co. Ltd., China. The physical properties of pottery sand were as follows: apparent density, 1364.3kg/m 3 ; one hour water absorption rate, 11%. KTPCA-1 Admixture was purchased from Shanxi Kangteer Fine Chemical Co. Ltd., China. Particle composition of sand and gravel were shown in Table 1 and Table 2 , respectively. 
Mix Design for C20 Shotcrete
Generally, shotcrete mark is C20 in China. So, we make the shotcrete of different volume fraction of pottery sand (0%、15%、30% and 45%). According to the design of concrete's mix proportion in Chinese Standard for Test Method of Performance on Ordinary Fresh Concrete (GB/T 50080-2002) [7] , the mix proportions of shotcrete were shown in Table 3 . 
WORKING PERFORMANCE OF SHOTCRETE MIXED WITH POTTERY SAND Collapsed Slump Test
Collapsed slump of shotcrete mixed with pottery sand were tested in accordance with Chinese Standard for Test Method of Performance on Ordinary Fresh Concrete (GB/T 50080-2002).
Results of Collapsed Slump Test
The results of collapsed slump of shotcrete mixed with pottery sand were presented in Table 4 . In Table 4 , it can be seen that collapsed slump of shotcrete increases with the increase of volume fraction of pottery sand. For example, the collapsed slump of shotcrete increases from 82mm to 105mm when the volume fraction of pottery sand increased from 0 % to 45 %. And collapsed slump of four shotcrete samples are more than 80 mm, respectively. This shows that the working performance of shotcrete mixed with pottery sand can meet standard requirements. 
MECHANICAL PROPERTY OF SHOTCRETE MIXED WITH POTTERY SAND
Concrete Strength Test
Compressive strength of shotcrete mixed with pottery sand were tested in accordance with Chinese Specifications for Bolt-shotcrete Support (GB 50086-2001) [8] and Chinese Standard for Test Method of Mechanical Properties on Ordinary Concrete (GB/T 50081-2002) [9] .
Results of Concrete Strength Test
The results of compressive strength of shotcrete mixed with pottery sand were shown in Table 5 . In Table 5 , it can be seen that volume fraction of pottery sand has some influence on compressive strength of shotcrete. And compressive strength of four shotcrete samples are more than 20 MPa, respectively. This shows that the mechanical property of shotcrete mixed with pottery sand can meet standard requirements. 
THERMAL PROPERTY OF SHOTCRETE MIXED WITH POTTERY SAND Thermal Conductivity Test
Thermal conductivity of shotcrete mixed with pottery sand were tested in accordance with Chinese code for Thermal Insulation-determination of Steady-State Thermal Resistance and Related Properties-Guarded Hot Plate Apparatus (GB/T 10294-2008) [10] . The concrete samples, with the cube of 300mm×300mm×30mm, were tested using a thermal conductivity measurer made by Huafeng Instrument Manufacturing Co. Ltd., China. The thermal conductivity measurer and the concrete sample were shown in Fig.1 and Fig.2 , respectively. 
Results of Thermal Conductivity Test
The results of thermal conductivity of shotcrete mixed with pottery sand were presented in Table 6 . It can be seen from Table 6 that thermal conductivity of shotcrete decreases with the increase of volume fraction of pottery sand. For example, the thermal conductivity of shotcrete decreases from 0.284 W/m.K to 0.195 W/m.K when the volume fraction of pottery sand increased from 0 % to 45 %. This shows that performance of heat insulation and preservation of shotcrete will increase with the increase of the lever of pottery sand-replacement. 
TEMPERATURE SHRINKAGE PROPERTY OF SHOTCRETE MIXED WITH POTTERY SAND
Shrinkage deformation of concrete mainly consists of condensation deformation, dryness & shrinkage deformation, autogenous deformation, cold shrinkage deformation, carbonized shrinkage deformation. Generally, cement will completely hydrate when water cement ratio is around 0.42. So, the autogenous deformation can be neglected for shotcrete mixed with pottery sand.
Temperature Shrinkage Test
Temperature sensors, thermocouple, were purchased from Shanghai Xingning instrument Co. Ltd., China. The temperature was observed using a DH3816 type static strain meter made by Jingjiang Donghua test technological development Co. Ltd., China. Thermocouple and DH3816 type static strain meter were shown in Fig.3 . The displacement was evaluated by dial indicator made by Xiamen HIKSFON Instrument Co. Ltd., China. The concrete samples, with the cube of 100mm×100mm×400mm, were measured every five minutes. Specimens of shotcrete were shown in Fig.4 . A Rapid Heating and Cooling Method was adopted to eliminate effects of autogenous deformation. Total deformation of specimen was considered to just be caused by temperature change if the temperature of specimens can change rapidly within 2 hours. Thermal expansion coefficient of concrete can be described by [11] :
Where c  is thermal expansion coefficient of concrete; L is length of specimen; L  is variable quantity of length caused by temperature change; T  is variable quantity of temperature. 
Results of Temperature Shrinkage Test
The curves of displacement, temperature of shotcrete mixed with different fraction of pottery sand and time were shown in Fig.5 . The results of thermal expansion coefficient of shotcrete mixed with pottery sand were shown in Table 7 . It can be seen that volume fraction of pottery sand has some influence on thermal expansion coefficient of shotcrete. Thermal expansion coefficient of shotcrete are decreased first and then increased with increasing of volume fraction of pottery. And the thermal expansion coefficient is the lowest when the volume fraction of pottery sand is 30%. 
DRYNESS & SHRINKAGE PROPERTY OF SHOTCRETE MIXED WITH POTTERY SAND
Dryness & Shrinkage Test
The schematic diagram of dryness & shrinkage instrument was present in Fig.6 . The temperature was observed using a DH3816 type static strain meter. LVDT displacement sensors were obtained by Beijing Topreascend measurement and control technology Co. Ltd., China. The concrete samples, with the cube of 100mm×100mm×400mm, were measured over the entire 28-day testing period. And duration for collecting data is about 10 minutes. 
Results of Dryness & Shrinkage Test
The curves of strain, temperature of shotcrete mixed with different fraction of pottery sand and time were shown in Fig.7 . It can be seen that the change of temperature of shotcrete mixed with different fraction of pottery sand is mainly influenced by the air temperature. There is a trend that all specimens expand first and then shrink. As the air temperature falls, the strain of all specimens presents some fluctuation phenomenon. Dryness & shrinkage deformation of shotcrete is the maximum when the volume fraction of pottery sand is 0%. Dryness & shrinkage deformation of shotcrete is the minimum when the volume fraction of pottery sand is 30%. So, dryness & shrinkage performance can be improved by pottery sand, and the optimal effect can be obtained when the volume fraction of pottery sand is 30%.
（a）0%
(b) 15% （c）30% （d） 45% Figure 7 . Curves of strain, temperature of shotcrete mixed with different fraction of pottery sand and time.
SUMMARY
(1) Collapsed slump of shotcrete increases with the increase of volume fraction of pottery sand. Volume fraction of pottery sand has some influence on compressive strength of shotcrete. The working performance and mechanical property of shotcrete mixed with pottery sand can meet standard requirements.
(2) Thermal conductivity of shotcrete decreases with the increase of volume fraction of pottery sand. This shows that performance of heat insulation and preservation of shotcrete will increase with the increase of the lever of pottery sand-replacement.
(3) Volume fraction of pottery sand has some influence on thermal expansion coefficient of shotcrete. Thermal expansion coefficient of shotcrete are decreased first and then increased with increasing of volume fraction of pottery. And the thermal expansion coefficient is the lowest when the volume fraction of pottery sand is 30%.
(4) There is a trend that all specimens expand first and then shrink. Dryness & shrinkage deformation of shotcrete is the maximum when the volume fraction of pottery sand is 0%. Dryness & shrinkage deformation of shotcrete is the minimum when the volume fraction of pottery sand is 30%. So, dryness & shrinkage performance can be improved by pottery sand, and the optimal effect can be obtained when the volume fraction of pottery sand is around 30%.
